Abstract Mature green 'Maradol' papaya fruits were exposed to ultraviolet (UV)-C irradiation (1.48 kJ·m −2 ) and stored at 5 or 14°C. Changes in total phenols, total flavonoids, enzymatic activities of superoxide dismutase (SOD), catalase (CAT) and peroxidase (POD), as well as the scavenging activity against 2,2-diphenyl-1picrylhydrazyl (DPPH) and 3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radicals were investigated in peel and flesh tissues at 0, 5, 10 and 15 days of storage. UV-C irradiation increased significantly (P < 0.05) the flavonoid content (2.5 and 26 %) and ABTS radical scavenging activity (5.7 and 6 %) in flesh and peel at 14°C respectively; and CAT activity (16.7 %) in flesh at 5°C. Flavonoid contents, CAT and SOD activities were positively affected under low storage temperature (5°C). DPPH and ABTS radical scavenging activities increased in both control and UV-C treated papaya peel during storage at 5°C. UV-C irradiation effect on radical scavenging of papaya peel could be attributed to increased flavonoid content. Papaya antioxidant system was activated by UV-C and cold storage by increasing phenolic content and antioxidant enzymatic activities as a defense response against oxidative-stress.
Introduction
The market for tropical fruits has increased in the last years due to an increasing consumer demand for exotic products, changes in diet habits, attractive sensorial properties and because they supply an optimal mixture of antioxidants. Tropical fruits contain polyphenols, carotenoids and vitamins C and E that could contribute to improve health by reducing incidence of chronic-degenerative diseases (Yahia 2010) . Among tropical fruits, papaya is one of the most popular because of its characteristic taste and nutraceutical value (González-Aguilar et al. 2008) . However, papaya fruits are very susceptible to deterioration and postharvest losses mainly by fungal decay, physiological disorders such as chilling injury, pests, mechanical injury and over-ripeness (Perez-Carrillo and Yahia 2004; da Silva et al. 2007; Chávez-Sánchez et al. 2011) .
The main cause of postharvest deterioration of fruit is enhanced metabolism, whether due to natural senescence physiology or biotic or abiotic stress, which could be inhibited by controlling storage temperature and relative humidity of the atmosphere around the product (Azene et al. 2011) . Controlled postharvest abiotic stresses, including temperature and Ultraviolet (UV)-B and (UV)-C irradiation, can be applied to fresh fruits to induce specific secondary metabolites synthesis with antioxidant properties (Cisneros-Zevallos 2003) . Postharvest UV-C treatment induced accumulation of phytoalexins as a defense mechanism, which has been positively correlated with the resistance against different pathogens and the reduction of physiological disorders that occur during cold storage of fruits (Rodov et al. 1992; D'hallewin et al. 1999) . UV-C irradiation could also delay deterioration processes, ripening and senescence in tropical fruit (Pongprasert et al. 2011; González-Aguilar et al. 2007b) .
It is well known that secondary metabolism is activated together with the enzymatic antioxidant system. Exposure to UV irradiation and low temperatures induce oxidative stress in plant tissues by increasing reactive oxygen species (ROS) (Gonzalez-Aguilar et al. 2010; Matsui and Li 2003) . To cope with this stress, the most effective protection mechanism stimulated under UV exposure is the accumulation of flavonoids and other UV-absorbing phenolic compounds with (Frohnmeyer and Staiger 2003) . UV-C irradiation at hormetic doses (0.5-9.0 kJm 2 ) has been proven to increase the activity of phenylalanine ammonia-lyase (PAL) (key enzyme in phenol biosynthesis) and the antioxidant capacities of fruit and vegetables (Erkan et al. 2008; GonzalezAguilar et al. 2007a; Vunnam et al. 2012; Alothman et al. 2009; Goyal et al. 2011 ). When exposed to low temperatures, the plant antioxidant system is also activated at different levels, but the precise mechanisms remain to be elucidated (Karpinski et al. 2002) .
Despite the large amount of reports on the positive effects of UV-C postharvest treatment for the activation of antioxidant defense mechanisms of fruits, there are no information on the combined effect of storage temperature and UV-C irradiation on the antioxidant system of papaya fruit. This study evaluated the effects of UV-C treatment in conjunction with low storage temperatures on bioactive compounds, antioxidant enzymes and radical scavenging activity of papaya fruit.
Materials and methods

Plant material
Mature-green 'Maradol' papayas were obtained from a wholesale market in Hermosillo, Sonora, Mexico. Fruits of uniform maturity stage (mature-green), size and free from defects were selected and randomized in two groups of 48 fruits. Half of the samples on each group were treated with UV-C and immediately stored for 15 days at 5 or 14°C. Sampling was performed at 5 days intervals during storage (0, 5, 10, 15) . Fruits were peeled with a sharp stainless steel manual peeler, frozen immediately and stored at −30°C until use, to avoid sample degradation. Papaya flesh was cut into 5 × 5 cm cubes, frozen and stored at −30°C. Every measurement was done in triplicate. The experimental unit was the peel or flesh of three fruits. The experiment was replicated twice.
Chemicals
Folin-ciocalteu reagent, aluminum chloride, sodium carbonate, sodium nitrate, sodium hydroxide, potassium persulphate, gallic acid, quercetin, β-mercaptoethanol, trishidrochloride, sodium acetate, potassium phosphate, Lmethionine, EDTA, riboflavin, nitro blue tetrazolium (NBT), guaicol, bradford reagent, bovine serum albumin, 1-diphenyl-2-picrylhydrazyl (DPPH), 2, 2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS .-) were obtain from Sigma-Aldrich (St. Louis, MO, USA). Methanol (HPLC grade) and ethanol (reagent grade) were purchased from JT Baker (Xalostoc, Edo. Mex., Mex.).
UV-C treatment
Papaya fruits were washed and sanitized by immersion in hypochlorite solution (200 ppm free chlorine) and let to dry at room temperature before exposure to a UV-C dose in order to eliminate impurities and reduce fungal attack risk that could influence treatment effect. UV-C irradiation exposure for 3 min was selected since does not caused visible scalds, according to preliminary experiments carried out in our laboratory (data not shown). UV-C treatment was applied using two unfiltered General Electric 15 Watts (G15 T8) germicidal lamps placed 15 cm above and below fruits. Integral value of spectral irradiance for the wavelength range of 250-280 nm was determined as 8,220 mWm −2 using an Optronic Model 752 UV-vis spectroradiometer (Optronic Laboratories Inc., Orlando, FL, USA). Total energy administered during 3 min was 1.48 kJ·m −2 . Immediately after treatment, control and treated fruits were stored for 15 days at 5 or 14°C in the absence of light.
Total phenols and flavonoids content
Phenolic compounds of papaya were extracted from 5 or 10 g of peel or flesh tissue, respectively. Those were homogenized in 20 mL of methanol solution (80 %). The homogenate was sonicated for 30 min at 40°C, and then centrifuged at 9,400 ×g for 15 min at 5°C in an Allegra 64R Beckman Coulter centrifuge (Palo Alto, Calif., USA). Supernatants were collected after filtered through Whatman paper (grade1). Same procedure was repeated 3 times, these extracts were used to measure total phenolics and flavonoid contents, as well as antioxidant capacity. Total phenols were measured as reported by (González-Aguilar et al. 2007a) , where 50 μL of extract were mixed with 3 mL of H 2 O and 250 μL of (1 N) Folin-Ciocalteu phenol reagent. After equilibrating for 5 min, 750 μL of 20 % Na 2 CO 3 and 950 μL of H 2 O were added to the reaction mixture. After vortexing, the reaction was incubated for 30 min at room temperature protected from light. Then, absorbance was then measured at 765 nm in a UVvis spectrophotometer (Cary50 Bio model, Varian, Italy). Total phenol content was calculated based on a gallic acid standard curve; results were expressed as mg of gallic acid per 100 g of fresh weight (mg ga/100gfw).
Flavonoid content was determined as described by (Zhishen et al. 1999 ) with some modifications. One mL of methanolic extract was mixed with 4 mL of H 2 O and 300 μL of 5 % NaNO 2 . After agitation followed by a 5 min incubation, 300 μL of 10 % AlCl 3 were added and incubated for one more minute. Two mL of 1 M NaOH and H 2 O were added to make up 10 mL of reaction volume. After agitation, absorbance was measured at 415 nm, in a UV-vis spectrophotometer (Cary50 Bio model, Varian, Italy). Results were expressed as mg of quercetin equivalents per 100 g of fresh weight (mg quercetin/100 gfw).
Enzymatic activity assays
Catalase (EC. 1.11.1.6; CAT) activity was determined as described by (Blackwell et al. 1990 ) with the following modifications. Acetone powders were obtained by continuous homogenization of frozen sample tissue with pure chilled acetone and vacuum filtered until residue gets colorless and dry. The enzyme was extracted from 0.2 or 0.5 g of acetone powder from peel or flesh tissue, respectively. It was homogenized in 10 mL of 0.1 M Tris-HCl, pH 8.5, containing 5 mM β-mercaptoethanol. The mixture was then stirred for 20 min at 4°C and centrifuged for 20 min at 12 000 ×g and 4°C. The reaction mixture contained 3 mL of 10 mM Tris-HCl, pH 8.5 and 0.1 mL of 0.88 % H 2 O 2 in 100 mM Tris-HCl; it was started by adding 0.2 mL of enzyme extract. CAT activity was monitored at 240 nm for 5 min at room temperature (24-26°C) with a UV-vis spectrophotometer. One unit of CAT specific activity was reported as the decomposition of 1 μmol of H 2 O 2 /min·mg of protein.
Peroxidase (EC. 1.11.1.7; POD) activity was determined as described by (Pérez-Tello et al. 2009 ) with some modifications. Enzyme was extracted from 0.1 or 0.2 g of acetone powder from peel or flesh tissue, respectively, homogenized in 5 mL of 0.1 M Tris-HCl (pH 8.0), containing 5 mM β-mercaptoethanol. The mixture was stirred for 20 min at 4°C, centrifuged for 30 min at 12 000 xg and 4°C, and the supernatant was decanted. POD activity was measured at 470 nm for 2 min at 30°C in 2.15 mL reaction solution with 10 mM sodium acetate (pH 5.3) containing 0.5 % guaiacol, 0.25 mL of 0.1 % H 2 O 2 and 0.1 mL of enzyme extract. POD specific activity was reported as the decomposition of 1 mmol of guaicol/min·mg of protein.
Superoxide dismutase (1.15.1.1; SOD) activity was determined according to (Tejacal et al. 2005 ) with slight modifications. The enzyme was extracted from 0.2 g of acetone powder from peel or flesh tissue, homogenized in 10 mL of potassium phosphate at pH 7.8. The mixture was stirred for 20 min at 4°C, centrifuged for 30 min at 12 000 xg and 4°C and the supernatant was decanted. Reaction mixture consisted on 27 mL of 0.05 M phosphate buffer (pH 7.8) containing 0.1 mM EDTA, 1.5 mL of L-methionine solution (30 mgmL −1 ), 1 mL of nitroblue tetrazolium (1.41 mg mL −1 ) and 0.75 mL of X-100 triton solution (1 %).
Following 0.03 mL of riboflavin solution (4.4 mg 100 mL −1
) and 0.4 mL of enzyme extract were added to 3 mL of reaction mixture and homogenized. Then the reaction mixture was exposed to fluorescent light emitted by two lamps of 20 W for 15 min, and absorbance was measured at 560 nm on a UV-vis spectrophotometer (Cary Bio50, Varian, Italy). Reaction velocity was determined as absorbance increment due to nitroblue tetrazolium formazan formation per unit of time. One unit of SOD was defined as enzyme extract concentration that inhibits 50 % of nitroblue tetrazolium formazan formation. Assays were performed at room temperature (24-26°C). SOD specific activity was expressed as units of activity per gram of protein (U·min −1 ·g protein −1 ).
Total protein concentration was determined according to (Bradford 1976) in all enzymatic extracts for specific enzymatic activity calculation using bovine serum albumin as standard.
Radical scavenging activities, DPPH
• and ABTS For the ABTS radical scavenging assay, 2.45 mmol of potassium persulphate were added to 7 mM ABTS dissolved in water, stirred and incubated for 12-16 h in darkness to give a dark blue solution. Solution was diluted with ethanol until absorbance reached 0.7 at 734 nm. 0.1 mL of sample extract was added to 3.9 mL of resulting radical solution in a quartz spectrophotometer cell. Reaction was monitored for 5 min until end point, when absorbance became stable. Sample was substituted with 80 % methanol for blank reaction, and ethanol was used for baseline correction. For comparison between methods, radical scavenging activity was expressed as ABTS
•+ radical inhibition percentage.
Statistical analysis
Data were analyzed for UV-C treatment, storage temperature, storage time and type of tissue effects by analysis of variance (ANOVA) of general linear models (GLM) where differences were considered significant at a P < 0.05, based on a Duncan's multiple comparison test using the NCSS (2007) statistical software. Values are expressed as mean of six replicate determinations (n=6) ± standard error.
Results and discussion
Phenolic and flavonoid contents
Total phenolic content (TPC) changes were evaluated in peel and flesh of papaya fruit stored at 5 and 14°C in response to UV-C treatment. The TPC of papaya was significantly (P<0.05) affected by UV-C irradiation treatment, storage time and type of tissue analyzed. Phenolic contents were higher in control and treated papaya peels after 15 days of storage at 14°C (5 and 33 % respectively) as compared with those stored at 5°C. Although a decreasing tendency on TPC was observed in peel tissue through storage time (Table 1) , no significant differences between days 5 and 10 were noticed. Also no significant (P>0.05) effect of storage temperature on TPC was found in papaya peel or flesh. A similar tendency was found for TPC of peel and flesh tissues, at the beginning of storage, controls at 5°C had the highest phenolic content. Increased TPC in UV-C treated papaya peel was observed only at day 10 of storage at 14°C, as compared with controls.
Accumulation of phenolic compounds varied strongly in relation to fruit physiological state and results from the equilibrium between biosynthesis and further metabolism including turnover and catabolism (Oufedjikh et al. 2000) . During ripening, a decreasing tendency on total phenols content as well as on antioxidant capacity has been reported on "Maradol" papaya peel and flesh (Gayosso-García Sancho et al. 2010 . The effect of UV-C irradiation on phenylpropanoid metabolism has been described previously in various fruit, where phenylalanine ammonia-lyase (PAL), a key regulatory enzyme of phenylpropanoid biosynthetic route is activated by UV-C light, leading to enhanced phenolic contents (Stevens et al. 1998 (Stevens et al. , 1999 Gonzalez-Aguilar et al. 2007a, b; Erkan et al. 2008; Gonzalez-Aguilar et al. 2010) .
Total flavonoid content (TFC) of papaya fruit was significantly affected by UV-C treatment, type of analyzed tissue, storage temperature and time. At day 10, UV-C treated papaya peel and flesh, presented significantly higher flavonoid contents than controls at all storage temperatures. Cold storage (5°C) had a positive effect on TFC, despite treatment or tissue analized, while a linear positive effect of storage time was observed reaching highest mean values at day 15 (Table 1) . A positive effect of UV-C treatment was observed during storage at 14°C in both tissues at days 10 and 15. Thus, cold storage had a bigger impact on TFC in both peel and flesh tissues of papaya than UV-C treatment.
It had been demonstrated that flavonoids can act as UV protective agents, participating in several plant resistance mechanisms by interfering with oxidative processes, both by chelating metal ions or by scavenging reactive oxygen species, forming less reactive "antioxidant radicals" that disappear by dismutation, recombination or reduction (Bors et al. 1992 (Bors et al. , 1998 .
Our results are in accordance to previous research reporting that UV-C irradiation enhanced flavonoid content in kumquats and oranges (D'hallewin et al. 1999; Rodov et al. 1992) , grapes (Cantos et al. 2001 (Cantos et al. , 2003 , broccoli (Costa et al. 2006) , and mangoes (Gonzalez-Aguilar et al. 2007a ). However, UV-C treatment effect in papaya was transitory. In contrast, no clear effect was found in total phenolic contents, which is in agreement with findings in UV irradiated shiitake mushrooms by Jiang et al. (2010) .
In this study, low temperature storage affected positively some components of papaya antioxidant system, particularly flavonoid compounds. This is in accordance to (Connor et al. 2002) , whom described a cultivar-dependent increase in antioxidant capacity and phenolic contents of blueberry during cold storage. Similarly, cold storage retained or increased phenolic contents and antioxidant capacity of strawberries and fresh-cut mangoes (Robles-Sanchez et al. 2009; AyalaZavala et al. 2004) . In this context, low temperature storage could increase antioxidant capacity in fruits were phenols and flavonoid compounds contribution to antioxidant system is greater than that of ascorbic acid, (Shivashankara et al. 2004 ).
Antioxidant enzymes (CAT, POD, SOD)
A significant effect (P<0.05) of storage time and temperature on catalase (CAT) specific activities of papaya peel and flesh was found. Fruit stored at 5°C reached highest levels of CAT activity after 5 days, and then decline at the end of storage period. UV-C treatment increased CAT activity in peel after 5 days at 5°C (688 μMH 2 O 2 *min −1 · mg protein −1 ). An inhibitory effect of 14°C storage temperature on CAT activity was observed in control and UV-C treated papaya peel and flesh. On the other hand, UV-C treatment increased CAT activity (33 %) in flesh of papaya during the first 10 days of storage at 5°C, as compared to controls (Table 1) . CAT protects cells against ROS because catalyzes the decomposition of hydrogen peroxide into oxygen and water, with high stability under cold storage conditions (Sala and Lafuente 1999) . Our results are in agreement with those observed in maize seedlings and mandarin fruits, where, increases in CAT could be attributed to the induceoxidative stress, promoted by low temperature storage (Prasad 1997; Sala and Lafuente 1999) .
SOD activity of papaya fruit was significantly affected by UV-C treatment, temperature, time and type of tissue analyzed. UV-C irradiation reduced SOD levels of papaya fruit at the storage conditions analyzed. Diminished SOD levels were also accounted as effect of storage time with respect to initial values in papaya peel; however, no significant differences were found after day 5 of storage. Maximum SOD activity was found in control flesh samples stored at 5°C (16.8 Units· mg protein −1 ) and a linear increment was observed with storage time. A positive effect of cold storage (5°C), particularly in flesh tissue, was observed in SOD activity despite other factors (Table 1) . Superoxide dismutases (SOD), a class of metalcontaining proteins, catalyze the dismutation reaction of superoxide radical anions into H 2 O 2 and molecular oxygen (Scandalios 1993) . SOD removes singlet oxygen, prevents hydroxyl radicals formation and has been implicated as an essential defense against oxygen toxicity (Fridovich 1986; McCord 1979) . Since SOD is the first line of cell defense against free radicals, its high activity in fruits has been related to a higher resistance to stress and a longer commercial life (Wang and Jiao 2001; Mondal et al. 2004 ). Others reported a decreased SOD activity in strawberries stored at 10°C, when compared to initial levels, but after 15 d of storage, SOD activities of UV-C treated fruit were higher than controls suggesting that treatment could activate fruit defensive responses (Erkan et al. 2008) . On the other hand, UV-C treatment reduced SOD activity during ripening of tomato, but increased activity of other antioxidant enzymes, as a defense mechanism against oxidation (Barka 2001) . Therefore, increase in SOD activities in papaya flesh could be a defense response against oxidative stress caused by cold storage and in a minor degree to UV-C treatment.
Activity of POD in papaya flesh was not detectable and no effect of experimental conditions was found (data not shown). However, POD activity of papaya peel was significantly (P<0.05) affected by UV-C treatment, storage time and temperature. Decreased POD activity was observed on papaya as a result of UV-C treatment and storage at 5°C; also, average activities diminished after storage (Table 1) . Contrary to what we found for the other two enzymes, POD activity increased with storage temperature, since at 14°C, activity levels remain constant or increased in both UV-C treated and control samples reaching the highest values in control peel samples at day 10 (765 mM guaicol/min·mg protein).
Guaicol peroxidase and ascorbate peroxidase, are peroxidase enzymes found in animal, plant and microorganism tissues, catalyzing oxide-reduction between hydrogen peroxide (H 2 O 2 ) and various reducing compounds (Hiraga et al. 2001) . There is evidence suggesting that UV-C irradiation can induce a rapid accumulation of photo-oxidation products. Plants respond by increasing POD activity in grapes, fresh-cut melon and tomato, extending postharvest life of these fruits (Nigro et al. 1998; Barka et al. 2000; Lamikanra et al. 2005) . Nevertheless, we found in papaya peel an inhibitory effect of cold storage on POD activities and no significant effect of UV-C treatment despite storage conditions that could be attributed to ripening or senescence delay, as it has been described in sapote mamey fruits (Tejacal et al. 2005) .
DPPH
· and ABTS radical scavenging activity
The results of antioxidant capacity of peel and flesh tissues determined as DPPH · and ABTS · radical inhibition percentage show a significant effect of tissue type, storage time and temperature in papaya fruit. DPPH · radical scavenging capacity of peel was twice as high as that in flesh (69 and 35 % total average respectively). In papaya peel, DPPH · radical scavenging was increased in samples stored at 5°C, while at 14°C, radical inhibition was lower than initial levels with no differences among treatments (Table 1) . Nevertheless, a positive effect of UV-C treatment in peel antioxidant capacity was observed at 14°C during all storage period. In contrast, there was no effect of UV-C treatment in DPPH
• antioxidant activity of flesh samples at both storage temperatures.
A similar tendency was found for both antioxidant capacity methods; however the values of antioxidant capacity determined with the ABTS method were in average 20 % Each observation is a mean±SD of n=6. UV-C, TPC, TFC, CAT, SOD, POD, DPPH, ABTS, GA and gfw indicate ultraviolet-C irradiation, total phenolic content, total flavonoid content, catalase, superoxidase, peroxidase, 2, 2-diphenyl-1picrylhydrazyl, 3-ethylbenzothiazoline-6-sulfonic acid, gallic acid and grams of fresh weight respectively. Statistical differences (P≤0.05) between Control and UV-C treatments are indicated by superscripts x and y, while for storage periods (5, 10 and 15 days) differences are indicated by superscripts a, b and c higher than the ones obtained with the DPPH assay. UV-C treatment, type of tissue, and storage time and temperature had a significant effect (P<0.05) on ABTS radical scavenging in papaya fruit. A reduction on ABTS levels by effect of UV-C treatment and storage at 14°C was observed in peel samples. Peel average radical scavenging was 32 % higher than that of flesh, however, irradiation treatment increased radical inhibition significantly (P<0.05) in flesh tissue samples stored at 14°C, in which radical scavenging activity oscillated in a range of 51-84 % (Table 1 ). It had been described that UV-C postharvest treatment in shiitake mushrooms increase total flavonoids, ascorbic acid, antioxidant activities of CAT, SOD, ascorbate-POD, and delayed the increase in singlet oxygen and H 2 O 2 production rate; indicating an enhance of antioxidant capacity (Jiang et al. 2010) . Also, an enhanced antioxidant capacity attributed to total flavonoid content on UV-C treated fresh-cut mangoes and tomatoes was reported earlier (GonzalezAguilar et al. 2007a; Vicente et al. 2005) . However, in this study, UV-C effect on papaya antioxidant capacity was intermittent during storage, since, significant positive effect of UV-C on flavonoid and radical scavenging activities was found only at day 10.
Some authors attributed the delay in ripening and senescence of UV-C treated tomatoes to significant increases in the levels of non-specific antioxidants such as polyamines and phenols, suggesting that maybe the singlet oxygen scavenging mechanism is not affected by UV treatment to the same extent as the superoxide scavenging mechanism (Maharaj et al. 1999 ). In the same manner, in papaya, the antioxidant response against UV-C and cold storage appear to be mediated mainly by flavonoids in peel and by CAT or other antioxidants in flesh.
Since UV-C irradiation has very low penetration in solids, treatment effects were expected to appear mostly at surface level, which was confirmed in this case for papaya peel. The more marked effect of UV-C on papaya peel could also be explained by the fact that this particular tissue contain higher levels of flavonoids and UV-C treatment promotes the activation of this particular biosynthetic route. The activation of flavonoids synthesis appears to be part of the defense mechanisms induced by the UV-C treatment and the increased resistance against pathogen attack and development of other physiological disorders such as chilling injury that occur at low temperature storage of papaya.
Conclusion
UV-C treatment and cold storage promoted changes in different components of the antioxidant system of 'Maradol' papaya fruit. Main effects of UV-C irradiation were enhanced flavonoid contents in peel and higher CAT enzymatic activity in flesh. While in response to cold storage, only SOD enzymatic activity was enhanced as a result of a defense response to oxidative stress. Our study shows that UV-C irradiation affect antioxidant response of papaya mainly by a mechanism that involves flavonoids synthesis; however, such effect is dependent upon storage conditions and is tissue-specific. Thus, UV-C efficiency as a postharvest treatment to enhance antioxidant system of papaya fruit is compromised by storage conditions.
